This study aimed to investigate antioxidative activities of various fractions of Abelmoschus manihot leaf extract. The fractions were separated based on polarity and the antioxidant activities of each of them were determined. The leaves were extracted using hexane, acetone and methanol serially. The extract was separated by column chromatography using ethyl acetate-methanol gradient elution as mobile phase and silica gel G-60 as the stationary phase, and resulted in five fractions. The antioxidative activities was determined by DPPH free radical scavenging, ferrous ion chelating, and singlet oxygen quenching. Results showed that the fourth fraction had the highest total phenolics and flavonoids content of 297.43±0.48 mg GAE/g extract and 117.31±0.38 mg quercetin quivalen/g extract, respectively, and showed the highest antioxidative activities.
Introduction
Antioxidants are compound which able to delay or inhibit oxidation of lipids and other molecules, widely used in food products. Antioxidants play important role in preventing various diseases such as heart disease, cancer, premature aging and inflammation, due to reactive oxygen species generated by oxidative damage (Zheng and Wang, 2001; Ammar et al., 2009) . Antioxidants can be derived from plants, which mostly consisted of phenolic compounds. Several studies noted that phenolic compounds have antioxidant activity, as determined by using free radicals scavenging, metal chelating and singlet oxygen quenching method (Ammar et al., 2009; Salem et al., 2011; Kaneria and Chanda, 2013) .
Gedi (Abelmoschus manihot) is a plant mainly grows in North Sulawesi that usually consumed as fresh leaf and was reported to be one of antioxidant source. It was reported to contain phenolic compounds with therapeutic effects such as antibacterial, anticoagulant, and antioxidants (Mandey et al., 2015) . Gedi's leaf extracted with hexane, acetone and methanol, sequentially, had radical scavenging activity with IC 50 values of 42.83 ± 0.48 µg/mL, metal chelating activity level of 48.07%, as well as 38.66% of linoleic acid oxidation inhibition (Taroreh et al., 2014) .
The aims of this study were to fractionat Gedi's leaf extract and determine the antioxidant activity of these fractions which include free radical scavenging activity against DPPH, metal chelating activity and singlet oxygen quenching.
Materials and methods

Materials and chemicals
Plant material: Gedi'sleaveswere obtained from Manado, North Sulawesi Province, Indonesia. The leaves were washed and freeze-dried at -50°C for 22 hours, grounded and sieved at 40 mesh to obtain powder. The powder was stored at -20°C until used.
Chemicals: 2,2-diphenyl-1picrylhydrazyl (DPPH), Folin-Ciocalteu's phenol reagent, ethylene diamine tetra acetic acid (EDTA),3-(2-pyridyl)-5,6-di(p-sulfophenyl)-1,2,4-triazinedisodium salt (ferrozine), linoleic acid, ammonium thicyanate, tocopherolandquercetin, galic acid were purchased from Sigma-Aldrich Co. Hexane, acetone, methanol, ethyl acetate, ammonium thiocyanate, natrium carbonate, hydrogen chloride, and aluminum chloride were purchased from E. Merk (Darmstadt, Germany).
Gedi's leaf extraction
Crude extracts of Gedi's leaf were prepared using the method from Suryanto et al. (2004) . One hundred grams leaves powder was macerated with 500 ml of hexane solvent at room temperature for 24 hours and filtered with filter paper. The residue was macerated again for another 24 hours with hexane to obtain hexane and residue. The later was then macerated and extracted in acetone for 2 times for 24 hours, filtered to obtain sequential hexaneacetone extracts and residues. The residue was then macerated again in methanol to obtain hexane-acetonemethanol sequential extracts.
Fractionation
Approximately 2 g of sequential extract of hexane-acetone-methanol was dissolved in ethyl acetate for fractionation through column chromatography (column of 2 × 50 cm). Silica gel G -60 was used as a stationary phase, pre-heated for activation at 180 o C for 2 hours. The column was eluted successively with ethyl acetate (220 mL), ethyl acetate/methanol (3:1, v/v, 250 mL), ethyl acetate/methanol (1:1, v/v, 200 mL), ethyl acetate/methanol (1:3, 200 mL) and methanol (250 mL) at a flow rate of 2 mL/min and, and 112 fractions of 10 mL each were collected. The absorbance of each fraction was determined at 280 nm. The fractions were combined into five fractions (F1-F5) according to peaks as shown in Figure 1 . Each fraction was determined for total phenolic compound, total flavonoid, free radical scavenging activity, ferrous ion chelating ability and singlet oxygen quenching activity.
Total phenolic content (TPC)
Total phenolic content was determined spectrophotometrically by Folin-Ciocalteu method (Hung and Yen, 2002) . Sample (0.1 mg) was dissolved in a test tube with 0.1 mL of distilled water; 50% Folin -Ciocalteu reagent (0.1 mL) was added and mixed in thoroughly. After an interval of 3 min, 2 mL of 2% Na 2 CO 3 solution was added, and the mixture was allowed to stand for 30 min intermittent mixing. The absorbance of the mixture at 750 nm was measured using spectrophotometer. A standard curve using Gallic acid was also prepared. Results were expressed as milligrams per gram extract of galic acid equivalents (GAE). Data was taken in triplicate for each fraction.
Total flavonoid content (TFC)
Total flavonoid content was determined using colorimetric method (Dewanto et al., 2002) . Briefly, 0.25 mL of the gedi's leaf extract or quercetin standard solution was mixed with 1.25 mL of distilled water in a test tube, followed by addition of 75 µL of 5% NaNO 2 solution. After 6 min, 150 µL of a 10% AlCl 3 .6H 2 O solution was added and allowed to stand for another 5 min before addition of 0.5 mL of 1M NaOH. The mixture was brought to 2.5 mL with distilled water and mixed well. The absorbance was measured immediately against distilled water as blank at 510 nm using spectrophotometer in comparison with the standard prepared similarly using quercetin, concentrations ranged between 0.2-1 mg/mL. The results are expressed as milligrams of quercetin equivalents per gram extract. Data was taken in triplicate for each fraction.
Free radical scavenging activity (RSA)
The free radical scavenging activity was determined according to the method of Chandini et al. (2008) with slightly modification. One milliliter Gedi's leaf extract at various concentrations was mixed with 2 mL of 0.08 mM methanolic solution of DPPH. The mixture was then homogenized using vortex and left for 30 min at room temperature in the dark and the absorbance was measured at 517 nm. Tocopherol was used as positive control. A curve of extract concentration against % DPPH scavenging activity was made to estimate extract concentration needed to scavenge 50% of radicals, known as IC 50 (Inhibition Concentration). Blank solution was prepared using 1 ml of methanol mixed with 2 mL of 0.08 mM methanol solution of DPPH. Radical scavenging activity was calculated using following equation:
(1)
Ferrous ion chelating (FIC) ability
Ferrous ion chelating ability was determined according to the method of Ye et al.(2009) and Demeritas et al. (2013) . Briefly, an aliquot (1.0 mL) of each sample (150 µg/mL) was mixed with 0.05 mL FeCl 2 (2.0 mmol/L), 0.2 mL ferrozine (5.0 mmol/L) and 2.75 mL distilled water. The mixture was shaken vigorously at room temperature in the dark for 10 min, and the absorbance of the iron ion-ferrozine complex at 562 nm was measured. EDTA was used as positive control. The ability of sample to chelate iron was calculated using following equation:
A c is the absorbance of the control and A s is the absorbance of the sample or standard.
Singlet oxygen quenching activity
The procedure was carried out according to Lee et al. (2004) and Suryanto et al. (2004) with slight modification. Gedi leaves extracts (500 mg/mL) were mixed with 1% linoleic acid in methanol and 7 ppm erythrosine as photosensitizer, put in a serum 30 mL bottle, equipped with air-tight sealer and aluminum foil. The bottles were placed in a box (70 x 50 x 60 cm) with light intensity of 4000 lux at room temperature. Peroxide value was then determined for 5 h according to method from Jiang and Eldin (1996) . As much as 0.1 mL was added with 10 mL ethanol 99% containing 200 µL of 30% ammonium thiocyanate solution then added with 200 µL of 20mM FeCl 2 in 3.5% HCl solution, stirred for 3 min, and the absorbance was measured at 500 nm. Peroxide Value was expressed as miliequivalent peroxide/kg oil, calculated using equation below:
Where As = absorbance of sample, Ab = absorbance of blank, m = slope from standard curve (0.3652 in present study); 55.84= molecular weight of FeCl 2 , m o = sample weight in gram; 2= peroxide value as peroxide milliequivalen.
Statistical analysis
Data for each sample and for TPC and TFC was taken triplicate, expressed as mean±SD. Means of all parameters were examined for significance by Analysis of Variance (ANOVA) with Duncan's significant difference post-hoc testing using SPSS statistic 22. The p-value of less than 0.05 was considered significant.
Results and discussion
Total phenolic and flavonoid content
Many phenolic compounds derived from plant sources act as powerful natural antioxidant and may contribute directly to antioxidative action. Flavonoids are natural phenolic compounds and well known antioxidants in terms of their ability to act as efficient radical scavengers (Swarna et al., 2013) .
Total phenolic content (TPC) and flavonoid content (TFC) of each Gedi's leaf extracts fraction was shown in Table 1 . TPC fraction was calculated based on the regression equation y = 0.7234x-0.0408 of standard curve and expressed in mg gallic acid equivalents/gram extract. While TFC determined by regression equation of the standard curve y = 0.14x+0.004 and is expressed in mg quercetin equivalents /g extract. Result showed that fraction 4 had the highest TPC and TFC compare than other factions, indicated that predominant phenolic compounds and flavonoids in Gedi's leaf extract was polar. Lai et al. (2007) reported that flavonols are the main components in Abelmoschus manihot flowers generally consist of glycosidic bond. It is the main reason why Gedi's leaf extracts has polarity property.
Free radical scavenging activity -DPPH
DPPH (2,2-diphenyl-1-picrylhydrazyl) is stable free radical with purple color and absorbance at a wavelength of 517 nm, often used for antioxidant activity measurement. Analysis was based on radical reduction of DPPH marked with purple color changes to yellow, due to hydrogen reduction process or electron donation. Greater radical scavenging activity leads to the more intense yellow color and lower absorbance value at λ 517 (Choe et al., 2010) .
In this study, antioxidant activity was expressed as DPPH free radical scavenging IC 50 , antioxidant ability of fraction at concentration required for scavenging free radicals by 50 %. Results are presented in Table 1 . It was showed that the IC 50 of Gedi's leaf fractions varied between31.49 to 161.88µg/mL. The lower the IC 50 valuethe greater free radical scavenging capability of the plant extract (Lee et al.,2014) . Fraction 4 had higher antioxidant activity than fraction 1,2,3, and 5, but still lower than tocopherol (p<0.05). The free radical scavenging activity of fraction 4 was presumably caused by total phenols and flavonoids content, which was highest compared to other fractions (Table 1) , with their ability to donate hydrogen to neutralize DPPH free radicals (Demeritas et al., 2013) .
Polyphenols were reportedly responsible for the antioxidant activity of plant extracts. Generally, plant extracts with high polyphenols content also showed high antioxidant activity. Antioxidant activity in plant material is also related to the chemical structure of polyphenols especially hydroxyl groups, as they are potential to donate hydrogen, indicating DPPH high free radical scavenging activity (Choe et al.,2010; Lee et al., 2014) .
Ferrous ion chelating activity
Fe 2+ ions effective as prooxidant able to catalyze various oxidation reactions in biological systems, initiate oxidation through direct interaction with oxygen and produce reactive oxygen species such as hydroxyl radical and super peroxide. Reducing ferrous ions through chelating can provide protection against biological damage. Some antioxidants such as flavonoids are powerful metal-chelating agents. They inactivate metal ions by forming a complex between antioxidants with metal, so the metal ion cannot act as an initiator of lipid oxidation (Bongoura et al., 2013; Demeritas et al., 2013) .
Metal chelating capacity is determined by measuring the ability of antioxidants to chelate Fe 2+ ions. Ferrozine can form complexes with Fe 2+ , but complex formation will be disturbed with the presence of chelating agent, resulting in lower intensity of red color of ferrozine-Fe 2+ complex. Therefore, measurement of color reduction allows the estimation of the metal-chelating activity for the coexisting chelator. In the present study, the chelating ability of Gedi's leaf extract fraction towards ferrous ions was investigated by measuring the interference of the fractions with the formation of ferrous-ferrozine complex. Results are shown in Figure 2 .
Among all fractions tested, fraction 4 had the highest metal-chelating activity compared to other fractions, but still lower than EDTA as positive control. This was presumably due to its highest total phenols and total flavonoids content compared to others. Having hydroxyl and carboxyl groups, phenolic compounds were able to bind Fe ion (Niciforovic, 2010) . 
Singlet oxygen quenching activity
Oxygen in the atmosphere consists of two species, triplet oxygen which is radical and singlet oxygen species. The latter presence depends on the existence of sensitizer, light, and oxygen triplet. Singlet oxygen is produced through photosensitizing. This process involves sensitizer which absorbs light energy and transforms it to triplet oxygen generating more reactive singlet oxygen. Both triplet or singlet oxygen can cause oxidative damage to the food, but oxidation rate of the latter is at least a thousand times faster than the previous. Singlet oxygenreaction rate with linoleic acid is around 1450 times greater than triplet oxygen (Whang and Peng, 1988; Suryanto et al., 2004) . Thus, application of quencher compounds is the efficient way to reduce singlet oxygen oxidation. Natural food components such as tocopherol, carotenoids, ascorbic acid and quercetin can act as effective singlet oxygen quencher (Lee and Min, 1990) .
The analysis of compound's antioxidant activity as quencher is based on its ability to physically and chemically stabilize singlet oxygen generated from triplet oxygen in the presence of light and sensitizer, to prevent peroxide generation in unsaturated fatty acids. Damage unsaturated fatty acids caused by singlet oxygen can be determined by measuring the peroxide value increasing (Suryanto et al., 2004) . The effect of 150 mg/mL of Gedi's leaf fractions against linoleic acid peroxide value from 4000 lux light exposure for 5 hours is shown in Figure 3 . It can be seen that peroxide value of fraction 5 and control 2 (C2) constantly increased during 5 hours irradiation. The otherwise occurred in control 1 (C1) without erythrosine, where singlet oxygen cannot be generated without erythrosine sensitizer. Figure 3 showed that linoleic acid system without gedi's leaf extract addition (C2) had the highest rate of peroxide formation compared to those treated sample, indicated that Gedi leaves fractions was able to inhibit peroxide formation. Fraction 4 had the lowest rate of peroxide formation compared with fractions of 1,2,3 and 5, supporting the results from previous analyses.
Identification of active fraction
As the fraction with highest antioxidant activity, chemical structure of fraction 4 was then identified using infrared (IR), the spectra is shown in figure 4 . IR spectrometer spectra showed that the active fraction had broad and strong bands at 3402 cm -1 , indicated the presence of OH group, followed by strong bands at 2924 cm -1 and 2855 cm Strong absorption at 1720cm -1 indicated the presence of carbonyl group (C=O), while absorption at 1636 cm -1 and 1381 cm -1 indicated aromatic ring presence (Silverstien et al., 2005) , and absorption at 1072cm -1 shows the COC group of ether. Based on IR spectra analysis, it can be concluded that fraction 4 had several functional groups, such as hydroxy (OH), carbonyl (C=O), aromatics (C=C), ether (C-O-C), metin (-CH-), methylene group (-CH 2 -), as well as methyl (CH 3 ).
Conclusion
Results of present study indicated that fraction four of Gedi's leaf extract had highest total flavonoids and total phenol content, thus had highest antioxidant activity as analyzed using DPPH free radical scavenging, singlet oxygen quenching and metal chelating activity compared to other fractions. The fraction consisted of hydroxyl group (OH), carbonyl (C=O), aromatics (C=C), ether (C-O-C), metin(-CH-), methylene (-CH 2 -) and methyl (CH 3 ).
